Introduction
Recently, there has been increasing use of silver containing compounds in industry and medicine. Silver(I) ions can enter into the environment via industrial wastewaters, and can cause environmental and health problems. For living organisms, the maximum recommended concentration of silver(I) ion in drinking water is 2.5 mg L -1 . 1 Therefore, effective removal of silver(I) ion from water or various industrial effluents is a very important procedure and has attracted considerable research and practical interest.
Flame atomic absorption spectroscopy (FAAS) is commonly used for the determination of many elements in various samples, the method offers many advantages, such as simplicity, precessing, low cost of operation, high precision and accuracy. Nevertheless, the sensitivity of FAAS is not sufficiently high for the determination of metals at trace levels.
Therefore, preconcentration and separation steps are required prior to the determination of trace metals by increasing the analyte concentration in order to improve the sensitivity of the method.
Solid phase extraction (SPE) is a method for preconcentration of metals that has several advantages over other techniques.
The advantages include lower disposal cost, higher preconcentration factor, interference elimination, better stability, reusability of solid phase and a capability to operate as an automation system. 2 Various sorbents such as multi-walled carbon nanotubes (MWCNTs), 3 alumina, 4 activated carbon, 5 polytetrafluoroethylene (PTFE), 6 chelating ions exchange resin 7 and silica gel [8] [9] [10] [11] [12] [13] [14] have been used and studied in SPE. The conventional batch or column procedure for preconcentration based on SPE has proven an effective method, but it is tedious, time-consuming, requires large sample and reagent volume. Thus, an automation system for online flow injection preconcentration coupled with FAAS is one method for eliminating the drawbacks. This alternative approach offers simplicity and low cost instrumentation, as well as increased precision compared to batch methodologies. 15 Online flow injection coupled with a column based on a functionalization of Merrifield chloromethylated resin by dithiocarbamate chelate has been developed. This method offers lower detection limits, precluding the use of a large excess of toxic chelating ligands. selective electrode. [18] [19] [20] Thus, the sorbent modified with benzothiazole calix [4] arene was prepared and the sorption properties toward silver(I) ion from aqueous solution was studied. Then, the online preconcentration coupled to FAAS was used for determination of the trace level of silver ions in water samples.
Experimental

Apparatus
NMR spectra were recorded on a Varian Mercury Plus 400 nuclear magnetic resonance spectrometer. Mass spectrum was recorded on a MALDI-TOF Micromass Platform II. The determination of silver ions is carried out by a flame atomic absorption spectrometer Model AAnalyst 100 (Perkin-Elmer) conducted in air/acetylene. The FI manifold in the online pre-concentration method is schematically shown in Fig. 1 . The manifold was connected to the nebulizer system of the flame atomic absorption spectrometer. The FI-FAAS system consisted of one peristaltic pump (REGLO Analog MS-4/8 Model ISM 827 ISMATEC ® ) furnished with Tygon tubes to deliver all solutions, two six-port valves, one solenoid valve connected to each other, holding chamber (HC) and a 20 mg APS-L1 packed mini-column (4.7 mm o.d. and 2 cm length). The pH values were measured using a pH meter (Metrohm).
Reagents
All reagents were of analytical grade and used without further purification. Benzothiazole calix [4] arene was synthesized as described in earlier literature. 18 Supplies of 1,1-Dichlorodimethyl ether for synthesis was purchased from Merck and Tin(IV) chloride was purchased from Aldrich. Commercial grade solvents such as dichloromethane, ethyl acetate and toluene were distilled and stored over 4 Å molecular sieves.
The stock solution of silver ion (1000 mg L -1 ) was purchased from Merck. Working solutions were prepared daily from stock solution by appropriate dilution with 0.005 M Tris buffer. The pH of the solution was adjusted by 1% HNO3 and 1% NaOH solutions.
Synthesis of the sorbent
Synthesis of benzothiazole calix [4] arene derivative (L1-CHO). 21, 22 In a 100 mL two-necked round-bottomed flask, benzothiazole calix [4] arene or L1 (0.50 g, 0.70 mmol) and chloroform (20 mL) were magnetically stirred at -10 C under nitrogen atmosphere for 30 min. Then, 1,1-dichlorodimethyl ether (1.50 mL, 15.40 mmol) and 0.1 M tin(IV) chloride (7.70 mL, 7.70 mmol) were added and the mixture was stirred at room temperature for 1 h. Dichloromethane (200 mL) was added and the mixture was acidified with 3 M HCl (100 mL). The organic phase was separated and dried over magnesium sulfate and filtered. After evaporating the organic solvent, the crude product was purified on a column chromatography (SiO2) using 10% ethyl acetate in dichloromethane as eluent to give a white solid (0.45 g, 82% [4] arene derivative chemically modified silica gel (APS-L1). In a 100-mL two-necked roundbottomed flask, 1.0 g of aminopropyl silica gel (APS), synthesized as described in the literature, 23 was refluxed with 100 mg of L1-CHO in 50 mL of toluene for 24 h. The mixture was cooled to room temperature. The suspended solid was filtered, washed with dichloromethane and dried in vacuum under ambient temperature. The product APS-L1 was kept in a desiccator.
FT-IR (KBr): 1100 (stretch Si-O), 1650 (stretch C=N) cm -1 . DR-UV: 343 nm (λmax).
Analytical procedure
APS-L1 (20 mg) was packed in a home-made mini-column. The FI-FAAS system can be operated by following all these steps. First, the eluent solution was continuously pumped through the eluent loop on V1 while a buffer solution was continuously pumped through the mini-column on V2. By this manner, the surface of APS-L1 was activated and ready for binding silver(I) ions. To start a preconcentration step, a solution of silver(I) ion at the optimum pH was pumped through the mini-column. Silver(I) ion was extracted on the mini-column and the remaining solution was drained toward waste. In the mean time, a carrier was introduced to the nebulizer of the flame atomic absorption spectrometer via SV. The eluting step could be started by turning V1 and V2 simultaneously; the eluent from the eluent loop would pass through the mini-column. Then, the retained silver(I) ion in the mini-column was eluted and transferred into the holding chamber. To start a measurement by FAAS, the SV was triggered, then the eluted silver(I) ion from the holding chamber would be directly introduced through the nebulizer of FAAS for determination. The signals were measured as peak height by using conventional FAAS software.
Results and Discussion
Synthesis and characterization of APS-L1
The synthesis of APS-L1 illustrated in Scheme 2 was accomplished via Schiff's base formation between amino groups (acting as nucleophile) of APS and the carbonyl carbon atom (acting as electrophile) of L1-CHO by condensation reaction. The reaction was performed under nitrogen atmosphere and at the reflux temperature of 100 C to completely react.
The FT-IR spectrum of APS-L1 showed some minor differences between APS and APS-L1. The characteristic peak of APS corresponding to the Si-O stretching vibration was observed at 1100 cm -1 . The Si-O-Si stretching vibration around 500 -800 cm -1 and N-H bending vibration at 1640 cm -1 can also be observed. 24 In this case, a peak of APS-L1 at 1650 cm -1 was attributed to C=N stretching vibration indicating that L1-CHO was bonded with APS through Schiff's base bond. The DR-UV spectrum of APS-L1 showed an absorption band at 343 nm which was different from that of APS, indicating that benzothiazole calix [4] arene derivative was immobilized onto APS. In addition, the TGA of APS and APS-L1 showed the loss of water between 50 and 200 C corresponding to physically sorbed water. For APS and APS-L1, the thermogram showed the weight loss in the range between 200 and 800 C compared to the original silica gel, which confirmed that the chelating ligand was attached on the silica gel.
Optimization of batch and column variable
To obtain the most suitable data from this method, different parameters were optimized. Various parameters such as solution pH, extraction time, sorption capacity, type of eluent, flow rate of sample and eluent solutions and sample volume of APS-L1 were studied. Batch method. A suspension of 20 mg of APS-L1 in a working solution of 5.0 mL containing 10 mg L -1 silver(I) ion at an appropriate pH was mechanically stirred for an appropriate time. The sorbent was separated by centrifugation at 2700 rpm for 5 min. The silver ion concentration of the supernatant was determined by FAAS. Effect of pH: The extraction of silver(I) ion was examined in the pH range of 2 -9. The results showed that the silver(I) ion was quantitatively sorbed between the pH 2 to 7 (Fig. 2) . However, the color change of the sorbent in comparison with the sorbent before use under acidic medium (pH 2 -5) was observed, probably due to the decomposition of imine bond. The solution pH of 6 -7 was selected as the optimum pH for further studies. Effect of extraction time: The extraction time was studied in the range of 1 -60 min. An extraction time of 10 min was observed (Fig. 3) , indicating a fairly rapid extraction time for a column system. Sorption capacity: The sorption capacity of silver(I) ion on APS-L1 was studied using 20 mg of sorbent, 5.0 mL of the working solutions containing 5 -140 mg L -1 of silver(I) ion at pH 7. The estimated maximum sorption capacity was found to be 12.2 mg of silver(I) ion per gram of sorbent as shown in Fig. 4 . Effect of eluent type: The most effective eluent for silver(I) ion desorption from APS-L1 is HNO3. It has been widely used because of its compatibility with the AAS technique. However, thiourea and thiosulfate 6, 11 were also considered because of their strong chelating properties for several metal ions. 25 In this experiment, 5.0 mL of various types and different concentrations of eluent were added. The mixture was mechanically stirred for 1 h at room temperature. After that, the sorbent was separated by centrifugation. Then, the concentration of silver(I) ion in eluent was determined by FAAS. The results are shown in Table 1 .
The results showed that thiourea and thiosulfate provided higher elution efficiencies than HNO3 because the Schiff-base bond (-C=N-) of APS-L1 could probably be destroyed in an acidic solution. In order to choose the most effective desorption of silver(I) ion from the sorbent, various concentrations of thiourea and thiosulfate were examined. Results in Table 1 showed that both 0.7 mol L -1 thiourea and 0.1 mol L -1 thiosulfate gave the elution of silver(I) ion from sorbent more than 95%. Then, thiosulfate was chosen, because the utilized concentration was less than thiourea and the toxic waste can be reduced. According to the Hard-Soft Acid-Bases (HSAB) theory, the sulfur atom of thiosulfate (S2O3 2-) acts as a soft base, which tends to form a complex with soft acid like silver(I) ion. Therefore, thiosulfate was chosen as an eluent throughout the whole experiment. Column method. In the column experiment, a mini-column (4.7 mm o.d. and 2 cm length) was packed with 20 mg of APS-L1 and the silver solution of 5.0 mL (10 mg/L) at pH 7 was passed through the column controlled by a peristaltic pump. Then, the silver(I) ion in residual solution was determined by FAAS. Effect of solution flow rate: The flow rate of the sample solution was an important parameter for retention of silver ion in the flow system. The solution flow rate was examined at the flow rate of 1.0 -5.0 mL min -1 . The maximum sorption of silver(I) ion was obtained at a flow rate of less than 2 mL min -1 (Fig. 5) . The extraction efficiency was found to be 2.0 mL min -1 because when the flow rate increased, % sorption decreased due to the short contact time between sorbent and silver(I) ion solution. Therefore, the sample flow rate of 2.0 mL min -1 was chosen in further experiments. Effect of eluent flow rate: The effect of eluent flow rate was studied in a range of 1.0 -5.0 mL min -1 . As shown in Fig. 6 , the flow rate of 1.0 mL min -1 was found as a suitable flow rate to elute silver(I) ion quantitatively. At higher eluent flow rates, the desorption efficiency decreased dramatically because the solution of the eluent passed rapidly through the column. Therefore, the elution flow rate of 1.0 mL min -1 was chosen. Effect of sample volume: The sample volume is an important parameter affecting preconcentration. The sample solutions of different volumes (5 -250 mL) were spiked with 100 μL of 5 mg L -1 silver(I) ion solution and passed through a mini-column under the optimum conditions. The maximum a. Mean value ± SD, n = 3. sample volume percolated through the column that provided acceptable recoveries were 10.0, 25.0 and 50.0 mL. Sample volumes 100 and 250 mL showed unacceptable recoveries because the extracted silver(I) ion was desorbed back to the sample solution under the competition process between sample amounts and active sites of APS-L1.
Optimization of FI variable
This system was also modified by adding the holding chamber (HC) because of the incompatibility between the flow rate passing through the column and the flow rate of the FAAS nebulizer. The holding chamber in the FI-FAAS system served as a temporary sample storage unit before injection into the FAAS. In this manner, the sample flow rate at the column outlet would be automatically reduced and compatible with the flow rate at the FAAS nebulizer inlet.
The preconcentration performance was studied in order to compare the calibration curve between the direct method and the preconcentration method. The calibration curves were obtained by using two different concentration ranges: direct method (the concentration range of 0.25 -1.25 mg L -1 of silver(I) ion was performed without preconcentration) and preconcentration method (the concentration range of 0.0125 -0.0625 mg L -1 of silver(I) ion was performed according to Fig. 1) . The linear calibration equation of the direct method was found to be y = 0.051x -0.0019 with R 2 = 0.9943. The preconcentration method in which the initial concentration was 20 times lower than that of the direct method gave a slope close to the direct method signal (y = 0.0497x -0.0016, R 2 = 0.9947). In the linear calibration equation of direct and preconcentration methods, the signals were not significantly different. This indicated that the online preconcentration method exhibited better performance. Effect of sample flow rate: In the FI system, the investigation of flow rate in the real system was intended to determine whether the pressure or increasing length from an additional part in the system affects flow rate. The flow rate was studied in the range of 1.0 -6.0 mL min -1 . The results represented that acceptable recoveries were obtained at flow rates of 1.0 -3.0 mL min -1 . Therefore, the sample flow rate of 3.0 mL min -1 was chosen to obtain a short analysis time. Effect of eluent: The effect of eluent volume in the online preconcentration-FAAS system was studied to increase elution efficiency from the column. The optimum volume should provide a sharp analytical signal (well-defined peak shape). It should also provide complete elution with highest preconcentration efficiency. Moreover, the eluent flow rate must be compatible with the flow rate of the FAAS nebulizer. The effect of eluent volume was studied by directly passing 5.0 mL of 1.0 mg L -1 of silver(I) ion standard solution to the nebulizer at different volumes of 250 and 500 μL by the FI-FAAS system. Based on the results, eluent volume of 250 μL was chosen because it provided a better peak shape than 500 μL. Because this system operated in peak height mode, the smaller eluent volume provided higher sample throughput and less eluent consumption.
The influence of the eluent flow rate on the determination of silver(I) ion was studied at flow rates in a range of 1.0 -4.0 mL min -1 . The flow rate of 1.5 mL min -1 was found as a suitable low flow rate level of eluent to quantitatively elute silver(I) ion. Effect of sample volume: The effect of sample volume (5.0 and 10.0 mL of silver(I) ion solution containing 25 μg L -1 ) was studied under the optimum conditions to obtain the highest preconcentration factor. The results are shown in Table 2 ; it can be seen that 5.0 and 10.0 mL of sample yielded acceptable recoveries and high preconcentration factors, which can be calculated from the ratio between the initial volume of the sample and the final volume which were 20 and 40 for 5.0 and 10.0 mL, respectively. Effect of interfering ions: Common interfering ions such as Na + , K + , Ca 2+ , Mg 2+ can be found in natural water. Therefore, nitrate salts of Na + , K + , Ca 2+ , Mg 2+ were added to the silver(I) ion solution with concentrations of 10, 100 and 1000 mg L -1 . The interfering ions in high concentration did not affect the extraction efficiency of silver(I) ion on APS-L1 in comparison with the silver(I) ion solution without interfering ions (Table 3) . 95.5 ± 7.1 100.9 ± 5.4
97.9 ± 4.6 102.5 ± 9.3 100.5 ± 10.0 100.0 ± 2.5 98.5 ± 2.5 a. Mean ± SD, n = 3. APS-L1, 20 mg; sample, 5.0 mL of 25 μg L -1 of Ag(I) pH 6.5; sample flow rate, 3.0 mL min -1 ; eluent flow rate, 1.5 mL min -1 ; eluent volume, 250 μL; thiosulfate, 0.1 mol L -1 .
Analytical figure of merit
Under the optimum conditions described above, the performance data of the online FI-FAAS system for the determination of silver(I) ion was obtained. The method validation was performed by using spiked samples with standard silver(I) ion at 20.0 and 50.0 μg L -1 , respectively, which covered the calibration range to test accuracy and precision. It was found that the recovery of the proposed method was 100.2 and 99.5% and precision of this proposed method for silver(I) ion determination from %RSD were 6.1 and 3.3, respectively, in 10 cycle runs. The detection limit was 0.44 μg L -1 . As compared to other reported SPE based FAAS or FI-FAAS methods using mercaptobenzothiazole on various supports as sorbents as shown in Table 4 ; our method using benzothiazole calix [4] arene (L1) showed a higher sorption capacity of 12.2 mg Ag(I)/g of sorbent, and comparable analytical merit to other previously published methods.
Analytical application
The FI-FAAS system was applied to determine silver(I) ion in real samples using the spiked method. The real samples for this work were drinking water and tap water. The results are represented as the percentage of recovery and %RSD shown in Table 5 . The results showed that the percentages of recovery of this proposed method were acceptable at both concentration levels in comparison with the acceptable values. Moreover, the percentage recovery of the FI-FAAS was not significantly different in comparison with the reference method (ICP-OES) (tcritical = 2.20 > texp = 1.71 -2.15, 95% confidence level). Therefore, the proposed FI-FAAS method was able to determine silver(I) ion in real samples effectively.
Conclusions
The new sorbent, APS-L1, was successfully prepared in one step synthesis via Schiff's base formation between amino groups of APS and the carbonyl carbon atom of modified benzothiazole calix [4] arene (L1) by condensation reaction for extraction of silver(I) ion before determination with FAAS. The data achieved from batch and column methods showed good sorption and desorption of silver(I) ion on APS-L1 with a capacity of 12.2 mg/g of sorbent. Furthermore, the APS-L1 sorbent was used as a sorbent column in online flow injection preconcentration coupled with the FAAS (FI-FAAS system). The results also showed that the proposed FI-FAAS system could be used with good precision and accuracy with the detection limit of 0.44 μg L -1 . Finally, this system was demonstrated to determine silver(I) ion effectively in spiked drinking water and tap water samples. 
